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Primary guinea pig epidermal cell cultures were sub-
jected to a variety of ultrastructural surface labeling 
techniques specific for lectin binding sites (Concanavalin 
A-horseradish peroxidase, wheatgerm agglutinin-chi to-
biosyl-horseradish peroxidase) or anionic surface sites 
(Ruthenium red, cationized ferritin). All these techniques 
were carried out on fixed cells; with cationized ferritin, 
labeling was also performed on unfixed, viable cells by 
incubation at 4°C and 37 °C for various time periods. 
Lectin labeling resulted in a diffuse pattern identical for 
both melanocytes and keratinocytes_ Different patterns 
were obtained with the markers for anionic sites: with 
both ruthenium red and cationized ferritin, fixed kera-
tino.cytes were more heavily labeled than melanocytes, 
the label being diffuse with randomly distributed glob-
ular condensations. Melanocytes, in contrast, were lined 
by a thin uniform band-like label. On viable keratino-
cytes, exposed to cationized ferritin at 4°C, the label was 
confined to randomly disseminated patches which most 
probably represent the "inherent" distribution of an-
ionic surface sites. At 37°C, this pattern was progres-
sively changed by cluster formation as expression of 
ligand induced label redistribution, shedding and endo-
cytosis of label materiaL In contrast, viable melanocytes 
lacked all of these activites except endocytosis, invaria-
bly displaying the same uniform diffuse labeling pattern 
as fixed melanocytes. It is concluded that melanocytes 
differ from keratinocytes with regard to quantity, distri-
bution, and lateral mobility of anionic surface sites 
whereas no differences pertain to quantity and distri-
bution of the binding sites to the lectins tested. 
Mammalian epidermis comprises several symbiotic and mu-
tually interacting cell types of very different morphological and 
functional characteristics which are, to some extent, maintained 
when grown in vitro. In primary cell culture, keratinocytes (K) 
and melanocytes (M) display strikingly different properties 
which pertain to shape (epitheloid vs. dendritic), proliferative 
activity (rapid vs. almost none), locomotion (moderately rapid 
vs. very slow) and substrate adhesion (average vs. high). The 
requirements for substrate attachment and, possibly, the mech-
anisms involved appear to be different for K and M: K depend 
on Mg++ [1] and alpha-1-fetoprotein,· whereas M can substitute 
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Abbreviations: 
CF: cationized felTitin 
Con A-HPR: Concanavalin A-horseradish peroxidase 
DAB: diaminobenzidine 
'K: keratinocytes 
M: melanocytes 
PBS: phosphate buffered saline 
RR: ruthenium red 
WGA-Ch-HRP: wheat germ agglutinin-chitobiosyl-horseradish 
peroxidase 
* Tappeiner G, Pohlin G, Fritsch PO: Alpha-1-fetoprotein is a sub-
strate attachment factor for keratinocytes, in preparation. 
Ca++ for Mg++ [1] and attach also in the absence of alpha-l-
fetoprotein. • 
Many of these morphological and functional differences be-
tween cultured K and M are likely to be linked to dissimilarities 
of their cell surface organization. In this study, we exposed both 
cell types to a number of cell surface markers to screen for 
possible differences relating to amount and distribution of cer-
tain cell surface sugar moieties and anionic sites. 
MATERIALS AND METHODS 
Culture T echniques 
Primary epidermal cell cultures were prepared from shave biopsies 
of brown or black wild type guinea pig ears according to routine 
techniqu8s [2). Epidermal cell suspensions were obtained by trypsini-
zation in 0.25% trypsin in phosphate buffered saline (PBS) at 37°C for 
30 min, subsequent mechanical separation of dermis and epidermis, 
and gentle teasing of the epidermis in PBS. Cell suspensions were 
plated in Eagle's Minimal Essential Medium containing 10% fetal calf 
serum, gentamicin, and Hepes buffer at a density of 2 x 10" cells/ cm2 
into 25 ml Falcon plastic culture flasks. All cell surface labeling exper-
iments were canied out in sitll on the 4th day of culture. 
All media and reagents used for tissue culture were purchased from 
Flow Laboratories (Irvine, Scotland). 
LABELING PROCEDURES 
1. Concanavalin A-horseradish Peroxidase (Con A-HRP) [3} 
The cultures were thoroughly rinsed with PBS (37°C), ex-
posed to 1% glutaraldehyde (Glutem grade, Polaron, England) 
in PBS at 37°C and then fixed at room temperature for 15 min; 
all further steps were carried out at room temperature (20°C). 
After rinsing in PBS, exposure to 10 mM ammonium chloride in 
PBS to quench free aldehyde groups (5 min) and again rinsing, 
the cultures were incubated in a Con A (Serva, FRG) solution 
(50 Mg/ ml in PBS) for 15 min, rinsed and further incubated with 
HRP (Sigma, type VI) (50 Mg/ ml PBS) for 15 min. After 
refixation in 2.5% glutaraldehyde in PBS (30 min) and further 
rinsing, the cultures were subjected to the diaminobenzidine 
(DAB) J'eaction [4] (15 min in the dark), postfixed in 1% OsO. 
in 0.15 sodium cacodylate buffer (pH 7.4) for 30 min at O°C, 
rinsed in 0.05 m sodium cacodylate buffer (pH 7.4) , rapidly ' 
dehydi-ated in a graded series of alcohols and embedded in a 
thin layer of Epon 812. Sections were examined unstained or 
slightly counterstained with lead citrate. 
As specificity controls, cultures were (1) incubated with Con 
A in the presence of its specific saccharide inhibitor (alpha-
methyl-D-glucopyranoside, Sigma) at concentrations of 0.1 M 
and 0.2 M; (2) subjected to the above procedure under omission 
of Con A; (3) under omission of HRP and (4) under omission of 
both HRP and Con A. 
This experiment was performed twice, the experimental cul-
tures in triplicate. At least 5 well spread and ultrastructurally 
intact M and K were evaluated from each flask. 
Melanocytes were identified by the presence of singly dis-
persed melanosomes of different stages of melanization, kera -
tinocytes were identified by the presence of tonoftlaments. 
2. Wheat Germ Agglutinin-chitobiosyl-HRP (WGA -Ch-HRP) 
[5} 
Essentially the same procedure was used as above. Con A 
was replaced by WGA (50 Mg/ ml) (Miles-Yeda Ltd., Rehovot, 
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Israel) ; instead of HRP, di N-acetyl-chitobiosyl HRP (50 Ilg/ml 
in PBS) (Pharmindustrie, Clichy, France) was used; incubation 
and DAB reaction were carried out for 30 min each. Analogous 
controls were performed as with Con A; as specific saccharide 
inhibitor, N-actyl-D-glucosamine (Sigma) was employed. 
This experiment was performed twice, the experimental cul-
tures in triplicate. At least 5 well spread and ultrastrlJcturally 
intact M and K were evaluated from each flask. 
3. Ruthenium Red (RR) (Modification of the Method of Luft) 
[6j 
Cultures were rinsed 3 times with saline and then fixed for 2 
hr at 20°C in a solution made up of equal parts of 3.6% 
glutaraldehyde in distilled water, 0.45 M sodium cacodylate 
buffer (pH 7.3) and RR (E. Merck, Darmstadt, FRG) .stock 
solution prepared according to the procedure of Luft. After 
thorough rinsing with 0.15 M Na cacodylate (pH 7.3), the 
cultures were postfixed for 3 hr at room temperature in a 
solution made up of equal parts of 5% OsO. in distilled water, 
0.45 M sodium cacodylate buffer (pH 7.3) and RR stock solution. 
Subsequently, the cultures were rinsed with 0.05 M sodium 
cacodylate buffer (pH 7.3), rapidly dehydrated in a graded 
series of alcohols and embedded in Epon B12. Sections were 
viewed unstained 01' slightly stained with lead citrate. 
This experiment was performed twice, the experimental cul-
tures in triplicate. At least 5 well-spread and ultrastructurally 
intact M and K were evaluated from each flask. 
4. Gationized Ferritin (GF) [7j 
CF, prepared by the method of Danon et al [7], was obtained 
from Miles-Yeda Ltd. (Rehovot, Israel) and centrifuged at 
15,000 g for 30 min to remove possible aggregates. A drop of the 
CF solution was spread on a coated grid and examined in the 
electron microscope without staining. The state of dispersion of 
CF molecules was identical to that of native, unmodified ferri-
tin. The concentration of the CF solutions was estimated from 
the absorbance at 270 nm. 
Labeling of fixed cells: Cultures were thoroughly rinsed with 
PBS at 37°C, exposed to 1% glutaraldehyde in PBS at 37°C 
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and fixed for 30 min at room temperature. After rinsing, incu-
bation with 0.01 M ammonium chloride to quench free aldehyde 
groups (5 min) and rinsing again, the cultures were incubated 
in a CF solution (final concentration 0.32 mg/ m1 PBS) for 5 
min, rinsed, postfixed with 1% OsO" in 0.15 M sodium cacodylate 
buffer (pH 7.4) for 30 min at OOG, dehydrated in a graded series 
of alcohols and embedded in a thin layer of Epon B12. Sections 
were stained with aqueous 7% magnesium uranyl-acetate and 
lead citrate. Some prefixed cultures were exposed to CF solu-
tions aheady used for labeling of unfixed viable cultw·es. 
As specificity controls, cultures were treated as above except 
for the following modifications: (1) Use of native ferritin (Pol-
ysciences, EM grade) instead of CF, (2) use of a CF solution of 
high ionic strength (0.6 M sodium chloride in PBS); binding of 
CF to cell surface anions is of electrostatic nature and is 
therefore obviated under conditions of high ionic strength [B-
10] (3) preincubation in buffer of high ionic strength (0.6 M 
sodium chloride in PBS) prior to labeling with CF; this is a 
control for (2) aiming to prove that buffers of high ionic strength 
do not destroy or remove anionic sites and (4) preincubation in 
poly-L-lysine (Sigma) (10 Ilg/m1 PBS) for 10 min at 20°C; poly-
L-lysine, due to its polycationic properties, interacts with sur-
face anionic sites and thus prevents binding of CF [11,12). 
Labeling of viable cells: Cultures were thoroughly rinsed 
with PBS at 37°C and then incubated in CF (0.32 mg/m1 PBS) 
at 37°C for 5, 10 and 30 seconds, 1, 2.5, 5, and 20 min. Following 
2 rinses with PBS (37°C), the cultures were fixed with 1% 
glutaraldehyde in PBS for 10 min at 37°C and then for 20 min 
in 2.5% glutaraldehyde in PBS at room temperature. Further 
processing and controls were the same as for prefixed cells. In 
parallel runs to most experiments the incubation was termi-
nated by adding excess 1% glutaraldehyde in PBS (37°C) to the 
cultures without prior rinsing. 
In another set of experiments, cultures were precooled in 
PBS (15 min), incubated in CF for 1 and 5 min, rinsed, and 
exposed to 1% glutaraldehyde in PBS at 4°C. Further process-
ing was as above. 
All above experiments were performed 3 times, the experi-
mental cultw'es .in triplicate. At least 5 well spread and ultra-
structurally intact M and K were evaluated from each flask. 
FIG 1. Surface labeling of prefixed keratinocytes (1 A, Ie) and melanocytes (lB, 1D) with Con A-HRP (lA, IB) and WGA-Ch-HRP (IC, 1D). 
Both cell types display an identical diffuse band-like labeling pattern with both surface markers (x 52,000). 
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FIG 2. SUl-facc labeling of prefixed keratinocytes (2A, 2C) and melanocytes (2B , 2D) with ruthenium red (2A , 2B) and cationized ferritin (2C, 
2D). With both markers, keratinocytes -lisplay a more abundant, diffuse fuzzy labeling pattern with globular condensations (arrows). Globular 
condensations are also evident in tangential sections (open arrows). M~lanocytes display a thin band·like diffuse label (full triangles), devoid of 
globulru' condensations, as particulru'[Y evident at tangentially sectioned regions (empty triangles) (x 52,000). 
Electron Microscopy 
The bottoms of the culture flasks were cut out and mechan-
ically separated from the thin layers of Epon containing the 
cells. Only single lying cells or small cell groups were selected, 
marked under the light microscope, and excised; the excised 
blocks were remounted in Epon using Beam capsules. Sections 
were cut horizontally using a Reichert Ultramicrotome and 
viewed with a Philips 400 electron microscope. 
RESULTS 
1. ConA-HRP 
M and K exhibited identical labeling patterns characterized 
by an approximately 250 A thick electron dense homogenous 
band-like precipitate on the entire cell surface (Fig 1 A, B). In 
M, no differences in label density and distribution were ob-
served between cell bodies and dendrites. No labeling was found 
in any of the control cultures (see methods section). 
2. WGA-CH-HRP 
In both M and "'K, the labeling patterns observed were indis-
tinguishable in quality from those with Con A-HRP (Fig 1 C, 
D). Again, the control cultures were unlabeled. 
3. Ruthenium Red 
Labeling with RR resulted in significant and reproducible 
differences between K and M. K were generally labeled more 
heavily; small globulru: deposits of RR positive fuzzy material 
were found randomly distributed on the cell surface, the areas 
in between being diffusely covered by discrete thin layers of 
electron dense material. As pruticularly evident in tangential 
sections, the globular deposits exhibited characteristic peppery 
condensations (Fig 2 A). In contrast, M were lined by a thin 
homogenous band of RR positive material which varied very 
little in thickness and lacked globular deposits. In tangential 
sections, no peppery condensations were apparent (Fig 2 B) . No 
differences in the labeling pattern were observed between cell 
bodies and dendl"ites. 
4. Cationized Ferritin 
With fixed cells, the labeling patterns of both K and M were 
closely similar to those described for RR. K exhibited randomly 
distributed globular condensations of CF sepru'ated by mem-
brane portions covered by a single layer of label (Fig 2 C). M 
were covered by a continuous single layered coat of label 
without globular condensations (Fig 2 D). Identical labeling 
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patterns were observed with cultures exposed to CF solutions 
already used for incubation of viable cells. No labeling was 
found in the controls (I), (2) and (4); labeling in control (3) was 
identical to that of the experimental cultures. 
Unflxed, viable K, after 1 min incubation at 4°C, differed in 
their labeling pattern from that of preflxed K in 2 respects: the 
globular condensations were more changeable in size and, on 
the average, were slightly larger and more amply spaced. The 
stretches of cell surface lying in between were unlabeled or only 
sparsely labeled (Fig 3 A ). After 5 min incubation, no changes 
Vol. 77, No. 4 
of this pattern became apparent. Viable M displayed a label 
pattern identical to that of preflxed cells after both 1 and 5 min 
incubation with CF at 4°C (Fig 4 A). 
After very brief incubation (up to 30 seconds) at 37°C, K 
exhibited an identical labeling pattern as at 4°C (Fig 3 B ). 
Diffuse labeling was found only very occasionally in short 
stretches of the membrane, even if the incubation in CF was 
quickly terminated by adding the flxative without prior rinsing 
(see methods sections) . With longer incubation times, this la-
beling pattern was progressively altered by redistribution of the 
FIG 3. Labeling of viable keratinocytes with cationized ferritin. At incubation at 4°C (5 min (A» and very brief incubation at 37°C (30 seconds 
(B» , the labeling pattern is patchy ("inherent" labeling pattern). With longer incubation at 37°C, redistribution of the bound marker occurs as 
evident by formation of clusters of marker material. The cells in (C) were incubated 2.5 min at 37°C. Later on, giant clusters are formed which 
may display shedding of marker material (arrows) into the medium «(D) incubation 20 min) (x 52,000). 
FIG 4. Labeling of viable melanocytes with cationized ferritin. Incubation at 4°C (5 min (-4» and at 37°C (5 min (B), invru'iably results in the 
sam e diffuse bandlike labeling pattern as encountered in prefixed cells (compare fig 2D). Full triangles: regions of vertical section (x 52,000). 
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FIG 5. Phagocytosis of marker material is prominent in both keratinocytes ~nd melanocytes after labeling with cationized ferritin . (A) 
keratinocytes phagocytize medium sized clusters of marker material «5A·inset) 5 min incubation) which are then encountered in phagocytic 
vacuoles within the cytoplasm « 5A ) 20 min incubation at 37°C). (E) melanocytes display prominent endocytic activity. Note that the endocytic 
vacuoles within the cytoplasm do not contain clusters of marker material but appear hollow (triangles) (5 min, 37°C) (x 52,000). 
CF molecules as evidenced by the emergence of label clusters 
of various sizes. Small clusters were found as early as after 10 
seconds of incubation; later on, larger and sometimes giant (Fig 
3 C, D) clusters were encountered thereby clearing large 
stretches of cell membrane. In addition, occasional detachment 
of parts of the giant clusters suggested a process of shedding 
(Fig 3 D). Capping of label material was not observed. 
In contrast to K, M, incubated at 37°C, never displayed signs 
of tracer redistribution and constantly preserved their diffuse 
homogenous single-layered labeling pattern of CF particles 
throughout the whole incubation period (Fig 4 B) . 
Endocytosis of ferritin particles was readily observed in both 
K and M beginning with incubation times of 60 seconds. Dif-
ferences pertained to extent and type of endocytosis, though. 
In K, smaller or medium-sized clusters of CF particles were 
engulfed (Fig 5 A, inset) and found later on within phagocytic 
vacuoles in the cytoplasm (Fig 5 A). M , in contrast, exhibited 
a prominent endocytic activity which exceeded that normally 
observed in unlabeled cells; numerous noncoated endocytotic 
pits and vesicles were found, often limited to circumscribed 
compartments of the cell periphery. Significantly, the endocy-
totic pits and vesicles still displayed a single layered internal 
coat of CF particles, the center of the vesicles appearing hollow 
(Fig 5 B). 
DISCUSSION 
According to the above data, the distribution of binding sites 
for the lectins tested (Con A and WGA) on the cell surfaces of 
fixed M and K appears to be identical as demonstrated by 
ultrastructmal cytochemistry. In contrast, striking differences 
were revealed in quantity and distribution of anionic smface 
sites between M and K by 2 ultrastructmal markers, RR and 
CF. Both techniques, employed on fixed cells, revealed a more 
abundant diffuse coating with patchy condensations for K as 
opposed to a thin, very regular band-like label for M. Several 
explanations may account for these contrasting results obtained 
by the surface labeling techniques employed: (1) the 2-step 
technique used for demonstration of lectin binding sites may be 
too insensitive to reveal minor differences between K and M; 
(2) aldehyde fixation may artificially obscme such minor differ-
ences; (3) lectin binding sites and anionic surface sites are in 
fact uru-elated. Fmther experiments employing one-step label-
ing techniq ues on unfixed viable cells are needed to answer 
these questions. 
Unlike many other markers of cell smface moieties, CF is not 
very cytotoxic and can be used at neutral pH; it is therefore 
applicable to studies on living cells [7]. This is a considerable 
advantage with a number of valuable implications: cellular 
binding sites can be visualized without potential artificial dis-
tw-bances due to prior use of fixatives. More inlportant, func-
tional studies of the cell smface and endocytosis can be per-
formed. 
It has been shown by several groups [13,14] that aldehyde 
fixatives may influence the distribution of the negative surface 
charge and thus alter t he labeling patterns obtained with ultra-
structUl'al markers of surface anionic sites. A "true" image of 
the "inherent" distribution of the anionic sites can only be 
obtained by labeling of viable cells with CF; since ligand-in-
duced redistribution of anionic sites is triggered off rapidly at 
37°C, th e exposw-e to CF must either be very brief or incubation 
must be performed at low temperatures (4°C) [15,16]' 
The above experiments demonstrate that fixation indeed 
alters t he labeling pattern obtained with CF in K. With viable 
cells, a diffuse labeling pattern is not, OJ" very rarely and only 
partially found in living cells, but invariably so in fixed cells. 
The diffuse labeling pattern described in earlier studies [17] 
may therefore be considered as fixation artifact. The patchy 
labeling pattern, as found at 4°C or after very brief incubation 
at 37°C, is likely to reflect most closely the " inherent" dish'i-
bution pattern of anionic sites, although even then some redis-
tribution of the label and membrane alterations related to 
cooling down of the cells [18,19] cannot be entirely ruled out, 
Obviously, the globular condensations described for fixed K 
correspond to the patches characteristic for the "inherent" 
labeling pattern; the differences in size and spacing may be due 
to the factors mentioned, 
At longer incubations at 37°C, K display the entire spech'um 
of cell sw-face activities subsequent to label binding well known 
from studies on a variety of other cell types [11,12,15,16, 
20-22]: lateral migration and redistribution of anionic sites with 
condensation of smaller patches of label to larger and larger 
ones with lru'ge ru'eas of the cell surface in between showing no 
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longer binding of CF molecules despite t he cont inued presence 
of the ligand in t he incubation medium. This indicates that 
t hese membrane regions became devoid of a nionic sites-most 
probably by redistribution and lateral translocation of a nionic 
s ites induced by the binding of CF. Sometimes patches of CF 
appeared to be p ulling away from large clusters. This finding 
was interpreted as a process of shedding as already observed 
with other cell types exposed to CF [11,12,15]. It seems very 
unlikely t hat the large clusters observed are caused by attach-
ment of aggregates of CF, which formed during incubation, for 
several reasons: ~ 
1. No clusters are observed with M-a preferential binding 
of possible aggregates to K is not very probable though it 
cannot be ruled out. 
2. Large clusters are not present on the K surface at very 
short incubation times. 
3. Prefixed K exposed to fresh CF or to CF solut ions already 
used for labeling of viable unfixed cul tures do not show large 
clusters. 
This progressive redistribution of a nionic sites induced by 
binding of cationized ferriti n is not prevented by inhibitors of 
cell metabolism [15] or by inhibitors of microftiament or micro-
tubule mediated processes such as cytochalasin B and colchi-
cine [15]. Redistribution phenomena have been attributed to 
crosslinking properties of cationized ferritin, t he locomotion of 
a nionic sites being a passive phenomenon indicative of cell 
membrane fluidity [11,13,15]. S imilar redistribut ion phenomena 
resu lt from binding of oth er multivalent ligands such as anti-
bodies [23,24] or lectins [25,26]. 
Contrary to K, M do not conform well to t he spectrum of cell 
types hitherto investigated . M behave in a unique way: their 
" inherent" CF labeling pattern being diffuse, they invariably 
display the same aspect independent of fixative pretreatment 
a nd of prevailing temperature. They show no signs of tracer 
redistribution; clusters are neit her formed nor shed nor phago-
cytosed. Endocytosis occurs readily, however, a nd appears to 
be som ewhat more pronounc.ed in CF incubated cells t han in 
untreated con trols. 
These observations suggest that M indeed differ profoundly 
in the organization and dynamics of their cell surfaces from K 
and, very likely, most other cell types. Absent redistribution of 
cell surface markers indicates the absence 01: high restriction of 
the lateral mobility of t he a nionic surface sites a nd may possibly 
reflect a general poor membrane fluidity of M. 
, It is unclear at the present time how the absence of lateral 
mobility of the anionic sites relates to t he unique behavioural 
features of M in vivo and in vitro, as their low locomotive 
capacity a nd their "stickiness." Evidence has accumulated that 
density and distribution of surface anions may playa key role 
in cell-to-cell adhesion and recognition processes [27]. In a 
recent study, metastasizing capacity of B 16 m ela noma cell 
clones was shown to be directly related to t he distribution of 
membrane a nionic sites [28]. Conversely, loss of surface a nions 
seems to be a marker for red blood cell senescence and a 
determining factor in red blood cells for being captured a nd 
degraded [29,30]. 
S ince pigment donation, t h e m ajor function of mammalian 
M, is basically a process of intercellular interaction, the special 
surface organization of M may be relevant for the m echanisms 
involved . 
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